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On the analogy of Sasakian manifolds, in 1989 Matsumoto [1]
introduced the notion of LP-Sasakian manifolds. Again the
same notion is introduced by Mihai and Rosca [2] and ob-
tained many interesting results. LP-Sasakian manifolds are
also studied by Aqeel et al. [3], Bagewadi et al. [4], De et al.
[5], Mihai et al. [6], Murathan et al. [7], Shaikh et al. [8–12],
Venkatesha and Bagewadi [13] and others. The study of
Riemann symmetric manifolds began with the work of Cartan
[14]. The notion of local symmetry of a Riemannian manifold
has been weakened by many authors in several ways to a dif-
ferent extent. As a weaker version of local symmetry, Takah-ashi [15] introduced the notion of local /-symmetry on a
Sasakian manifold. Generalizing the notion of local /-symme-
try of Takahashi [15], De et al. [16] introduced the notion of
/-recurrent Sasakian manifolds. Also De et al. [17] studied
the /-recurrent Kenmotsu manifolds. In this connection, it
may be mentioned that Shaikh and Hui [18] studied the locally
/-symmetric b-Kenmotsu manifolds.
In the context of Lorentzian geometry, the notion of local
/-symmetry on an LP-Sasakian manifold is introduced and
studied by Shaikh and Baishya [9] with several examples. Also
Shaikh et al. [11] studied /-recurrent LP-Sasakian manifolds
and proved the existence of such notion by several non-trivial
examples. Generalizing all these notions of local /-symmetry,
in the present paper we introduce generalized /-recurrent
LP-Sasakian manifolds.
The notion of generalized recurrent manifolds introduced
by Dubey [19] and studied by De and Guha [20]. A Riemann-
ian manifold ðMn; gÞ; n > 2, is called generalized recurrent [20]
if its curvature tensor R of type (1,3) satisﬁes the condition
rR ¼ A Rþ B G; ð1:1Þ
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AðÞ ¼ gð; q1Þ; BðÞ ¼ gð; q2Þ and the tensor G of type (1,3)
is given by
GðX;YÞZ ¼ gðY;ZÞX gðX;ZÞY ð1:2Þ
for all X, Y, Z 2 vðMÞ; vðMÞ being the Lie algebra of smooth
vector ﬁelds onM andr denotes the operator of covariant dif-
ferentiation with respect to the metric tensor g. The 1-forms A
and B are called the associated 1-forms of the manifold.
Specially, if the 1-form B vanishes, then (1.1) turns into the
notion of recurrent manifold introduced by Walker [21].
A Riemannian manifold ðMn; gÞ; n > 2, is called a general-
ized Ricci-recurrent manifold [22] if its Ricci tensor S of type
(0,2) is not identically zero and satisﬁes the condition
rS ¼ A Sþ B g; ð1:3Þ
where A and B are non-vanishing 1-forms deﬁned in (1.1).
In particular, if B ¼ 0, then (1.3) reduces to the notion of
Ricci-recurrent manifold introduced by Patterson [23].
A Riemannian manifold ðMn; gÞ; n > 2, is called a super
generalized Ricci-recurrent manifold [24] if its Ricci tensor S
of type (0,2) satisﬁes the condition
rS ¼ a Sþ b gþ c g g; ð1:4Þ
where a; b and c are non-vanishing unique 1-forms.
In particular, if b ¼ c, then (1.4) reduces to the notion of
quasi-generalized Ricci-recurrent manifold introduced by
Shaikh and Roy [25].
The paper is organized as follows. Section 2 is concerned
with some preliminaries about LP-Sasakian manifolds. Sec-
tion 3 deals with generalized /-recurrent LP-Sasakian mani-
folds and obtained a necessary and sufﬁcient condition for
an LP-Sasakian manifold to be a generalized /-recurrent LP-
Sasakian manifold (see, Theorem 3.3). It is shown that a gen-
eralized /-recurrent LP-Sasakian manifold is Einstein mani-
fold and in such a manifold the 1-forms A and B are related
by Aþ B ¼ 0. We also study generalized concircularly (resp.,
projectively) /-recurrent LP-Sasakian manifolds. It is proved
that a generalized concircularly /-recurrent LP-Sasakian man-
ifold is super generalized Ricci-recurrent, but it can not be qua-
si-generalized Ricci-recurrent. Finally, the last section deals
with an interesting example, which ensures the existence of
generalized /-recurrent LP-Sasakian manifold.
2. LP-Sasakian manifolds
An n-dimensional smooth manifold M is said to be an LP-
Sasakian manifold [2,8] if it admits a (1,1) tensor ﬁeld /, a unit
timelike vector ﬁeld n, an 1-form g and a Lorentzian metric g,
which satisfy
gðnÞ ¼ 1; gðX; nÞ ¼ gðXÞ; /2X ¼ Xþ gðXÞn; ð2:1Þ
gð/X;/YÞ ¼ gðX;YÞ þ gðXÞgðYÞ; rXn ¼ /X; ð2:2Þ
ðrX/ÞðYÞ ¼ gðX;YÞnþ gðYÞXþ 2gðXÞgðYÞn; ð2:3Þ
for all X; Y 2 vðMÞ, where r denotes the operator of covari-
ant differentiation with respect to the Lorentzian metric g. It
can be easily seen that in an LP-Sasakian manifold, the follow-
ing relations hold:
/n ¼ 0; gð/XÞ ¼ 0; rank / ¼ n 1: ð2:4ÞAgain, if we put
XðX;YÞ ¼ gðX;/YÞ
for all X; Y 2 vðMÞ, then the tensor ﬁeld XðX;YÞ is a symmet-
ric (0,2) tensor ﬁeld [1]. Also, since the 1-form g is closed in an
LP-Sasakian manifold, we have [1,5]
ðrXgÞðYÞ ¼ XðX;YÞ;XðX; nÞ ¼ 0 ð2:5Þ
for all vector ﬁelds X; Y 2 vðMÞ.
Let M be an n-dimensional LP-Sasakian manifold with
structure ð/; n; g; gÞ. Then the following relations hold [1,8]:
RðX;YÞn ¼ gðYÞX gðXÞY; ð2:6Þ
SðX; nÞ ¼ ðn 1ÞgðXÞ; ð2:7Þ
Sð/X;/YÞ ¼ SðX;YÞ þ ðn 1ÞgðXÞgðYÞ; ð2:8Þ
ðrWRÞðX;YÞn ¼ 2½XðY;WÞX XðX;WÞY  /RðX;YÞW
 gðY;WÞ/Xþ gðX;WÞ/Y
 2½XðX;WÞgðYÞ  XðY;WÞgðXÞn
 2½gðYÞ/X gðXÞ/YgðWÞ: ð2:9Þ
ðrWRÞðX; nÞZ ¼ XðW;ZÞX gðX;ZÞ/W
 RðX;/WÞZ ð2:10Þ
for all vector ﬁelds X; Y; Z 2 vðMÞ, where R is the curvature
tensor of the manifold.
The above results will be used in the later sections.
3. Generalized /-recurrent LP-Sasakian manifolds
Deﬁnition 3.1. A tensor ﬁeld K of type (1,3) on an LP-
Sasakian manifold ðMn; gÞ; n > 2, is said to be generalized K-
/-recurrent if it satisﬁes the relation
/2ððrWKÞðX;YÞZÞ ¼ AðWÞ/2ðKðX;YÞZÞ
þ BðWÞ/2ðGðX;YÞZÞ ð3:1Þ
for all X; Y; Z; W 2 vðMÞ, where A and B are non-vanishing
1-forms such that AðXÞ ¼ gðX; q1Þ; BðXÞ ¼ gðX; q2Þ. The 1-
forms A and B are called the associated 1-forms of the
manifold.
In particular, if K ¼ R (resp., eC, P) then the LP-Sasakian
manifold ðMn; gÞ; n > 2, is said to be generalized /-recurrent
(resp., generalized concircularly /-recurrent, generalized pro-
jectively /-recurrent), where eC and P denote the concircular
and projective curvature tensor of type (1,3) and are respec-
tively given by
eCðX;YÞZ ¼ RðX;YÞZ r
nðn 1ÞGðX;YÞZ ð3:2Þ
and
PðX;YÞZ ¼ RðX;YÞZ 1
n 1 ½SðY;ZÞX SðX;ZÞY: ð3:3Þ
We consider a generalized /-recurrent LP-Sasakian manifold.
Then by virtue of (2.1), we have from (3.1) that
ðrWRÞðX;YÞZþ gððrWRÞðX;YÞZÞn
¼ AðWÞ½RðX;YÞZþ gðRðX;YÞZÞn
þ BðWÞ½GðX;YÞZþ gðGðX;YÞZÞn; ð3:4Þ
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gððrWRÞðX;YÞZ;UÞ þ gððrWRÞðX;YÞZÞgðUÞ
¼ AðWÞ½gðRðX;YÞZ;UÞ þ gðRðX;YÞZÞgðUÞ
þ BðWÞ½gðGðX;YÞZ;UÞ þ gðGðX;YÞZÞgðUÞ: ð3:5Þ
Taking an orthonormal frame ﬁeld and then contracting
(3.5) over X and U and then using (1.2), we get
ðrWSÞðY;ZÞ¼gððrWRÞðn;YÞZ;nÞþAðWÞSðY;ZÞþfðn2ÞBðWÞ
AðWÞggðY;ZÞfAðWÞþBðWÞggðYÞgðZÞ: ð3:6Þ
Using (2.6), (2.9) and the relation gððrWRÞðX;YÞZ;UÞ
¼ gððrWRÞðX;YÞU;ZÞ, we have
gððrWRÞðn;YÞZ; nÞ ¼ 0: ð3:7Þ
By virtue of (3.7), it follows from (3.6) that
ðrWSÞðY;ZÞ ¼ AðWÞSðY;ZÞ þ ½ðn 2ÞBðWÞ  AðWÞgðY;ZÞ
 fAðWÞ þ BðWÞggðYÞgðZÞ: ð3:8Þ
Setting Z ¼ n in (3.8) and using (2.7), we obtain
ðrWSÞðY; nÞ ¼ ðn 1ÞfAðWÞ þ BðWÞggðYÞ: ð3:9Þ
Also we have
ðrWSÞðY;nÞ¼rWSðY;nÞSðrWY;nÞSðY;rWnÞ ð3:10Þ
¼ðn1ÞgðY;/WÞSðY;/WÞ;usingð2:5Þandð2:7Þ:
From (3.9) and (3.10), we obtain
ðn 1ÞgðY;/WÞ  SðY;/WÞ
¼ ðn 1ÞfAðWÞ þ BðWÞggðYÞ: ð3:11Þ
Again plugging Y ¼ n in (3.11), we get
AðWÞ þ BðWÞ ¼ 0 for all W: ð3:12Þ
By virtue of (3.12), it follows from (3.11) that
SðY;/WÞ ¼ ðn 1ÞgðY;/WÞ: ð3:13Þ
Substituting Y by /Y in (3.13) and then using (2.2) and
(2.8), we get
SðY;WÞ ¼ ðn 1ÞgðY;WÞ:
This leads to the following:
Theorem 3.1. A generalized /-recurrent LP-Sasakian manifold
is an Einstein manifold and moreover the associated 1-forms A
and B are related by Aþ B ¼ 0.
Corollary 3.1. [8] An LP-Sasakian manifold is Ricci-semisym-
metric if and only if it is Einstein.
Thus from Theorem 3.1 and Corollary 3.1, we can state the
following:
Theorem 3.2. A generalized /-recurrent LP-Sasakian manifold
is Ricci-semisymmetric.
Using (2.9) and the relation
gððrWRÞðX;YÞZ;UÞ ¼ gððrWRÞðX;YÞU;ZÞ in (3.4), we
have
ðrWRÞðX;YÞZ
¼½gðX;WÞgð/Y;ZÞgðY;WÞgð/X;ZÞþ2fgðY;/WÞgðX;ZÞ
gðX;/WÞgðY;ZÞg2fgðX;/WÞgðYÞgðY;/WÞgðXÞggðZÞ
2fgðYÞgð/X;ZÞgðXÞgð/Y;ZÞggðWÞgð/RðX;YÞW;ZÞn
þAðWÞ½RðX;YÞZþgðRðX;YÞZÞnþBðWÞ½gðY;ZÞX
þgðY;ZÞgðXÞngðX;ZÞYgðX;ZÞgðYÞn: ð3:14ÞApplying /2 on both sides, we get the relation (3.1). Hence
we can state the following:
Theorem 3.3. An LP-Sasakian manifold is generalized /-
recurrent if and only if the relation (3.14) holds.
Changing W; X; Y cyclically in (3.5) and adding them, we
get by virtue of Bianchi identity and (3.12) that
AðWÞ½gðRðX;YÞZ;UÞ  gðGðX;YÞZ;UÞ
þ fgðRðX;YÞZÞ  gðGðX;YÞZÞggðUÞ
þ AðXÞ½gðRðY;WÞZ;UÞ  gðGðY;WÞZ;UÞ
þ fgðRðY;WÞZÞ  gðGðY;WÞZÞggðUÞ
þ AðYÞ½gðRðW;XÞZ;UÞ  gðGðW;XÞZ;UÞ
þ fgðRðW;XÞZÞ  gðGðW;XÞZÞggðUÞ ¼ 0:
Contracting the above relation over Y and Z, we get
AðWÞ½SðX;UÞðn1ÞgðX;UÞAðXÞ½SðW;UÞðn1ÞgðW;UÞ
AðRðW;XÞUÞAðRðW;XÞnÞgðUÞAðXÞgðW;UÞþAðWÞgðX;UÞ
fAðXÞgðWÞAðWÞgðXÞggðUÞ¼0: ð3:15Þ
Again contracting (3.15) over X and U and using (2.6), we
get
SðW; q1Þ ¼
r ðn 1Þðn 2Þ
2
gðY; q1Þ: ð3:16Þ
This leads to the following:
Theorem 3.4. In a generalized /-recurrent LP-Sasakian man-
ifold, rðn1Þðn2Þ2 is an eigenvalue of the Ricci tensor S
corresponding to the eigenvector q1.
We now consider a generalized concircularly /-recurrent
LP-Sasakian manifold ðMn; gÞ; n > 2. Then from (3.1) we
have
/2 rW eC ðX;YÞZ  ¼ AðWÞ/2 eCðX;YÞZ 
þ BðWÞ/2ðGðX;YÞZÞ; ð3:17Þ
where A and B are deﬁned as in (3.1).
Let us consider a generalized concircularly /-recurrent LP-
Sasakian manifold. Then by virtue of (2.1), it follows from
(3.17) that
rW eC ðX;YÞZ ¼ g rW eC ðX;YÞZ n
þ AðWÞ eCðX;YÞZþ g eCðX;YÞZ nh i
þ BðWÞ½GðX;YÞZþ gðGðX;YÞZÞn; ð3:18Þ
from which it follows that
g rW eC ðX;YÞZ;U ¼g rW eC ðX;YÞZ gðUÞ
þAðWÞ g eCðX;YÞZ;U þg eCðX;YÞZ gðUÞh i
þBðWÞ½gðGðX;YÞZ;UÞþgðGðX;YÞZÞgðUÞ: ð3:19Þ
Contracting (3.19) over X and U and using (2.10) and (3.2),
we get
ðrWSÞðY;ZÞ¼AðWÞSðY;ZÞ
þðn2Þ BðWÞþ drðWÞ
nðn1Þ
r
nðn1Þþ
1
n2
 
AðWÞ
 
gðY;ZÞ drðWÞ
nðn1Þþ 1
r
nðn1Þ
 
AðWÞþBðWÞ
 
gðYÞgðZÞ; ð3:20Þ
which can be written as
164 A.A. Shaikh et al.rS ¼ A Sþ w gþH g g; ð3:21Þ
where
wðWÞ¼ ðn2Þ BðWÞþ drðWÞ
nðn1Þ
r
nðn1Þþ
1
n2
 
AðWÞ
 
and
HðWÞ ¼  drðWÞ
nðn 1Þ þ 1
r
nðn 1Þ
 
AðWÞ þ BðWÞ
 
:
Hence we can state the following:
Theorem 3.5. A generalized concircularly /-recurrent LP-
Sasakian manifold is a super generalized Ricci-recurrent
manifold.
Setting Y ¼ Z ¼ n in (3.20) and using (2.7), we get
drðWÞ ¼ fr nðn 1ÞgAðWÞ  nðn 1ÞBðWÞ: ð3:22Þ
This leads to the following:
Theorem 3.6. In a generalized concircularly /-recurrent LP-
Sasakian manifold, the 1-forms A and B are related by the
equation (3.22).
Corollary 3.2. In a generalized concircularly /-recurrent LP-
Sasakian manifold with non-zero constant scalar curvature, the
associated 1-forms A and B are related by
fr nðn 1ÞgA nðn 1ÞB ¼ 0:
We now consider a generalized concircularly /-recurrent
LP-Sasakian manifold which is quasi-generalized Ricci-recur-
rent [25]. Then wðWÞ ¼ HðWÞ, where w and H are 1-forms
given in (3.21). The equality of w and H gives us
drðWÞ ¼ rAðWÞ  nðn 1ÞBðWÞ: ð3:23Þ
From (3.22) and (3.23), we obtain A ¼ 0, which is inadmis-
sible. Hence we can state the following:
Theorem 3.7. A generalized concircularly /-recurrent
LP-Sasakian manifold can not be a quasi-generalized Ricci-
recurrent manifold.
We now consider a generalized projectively /-recurrent
LP-Sasakian manifold ðMn; gÞ; n > 2. Then from (3.1) we
have
/2ððrWPÞðX;YÞZÞ¼AðWÞ/2ðPðX;YÞZÞþBðWÞ/2ðGðX;YÞZÞ;
ð3:24Þ
where A and B are deﬁned as in (3.1).
Let us consider a generalized projectively /-recurrent
LP-Sasakian manifold. Then by virtue of (2.1), it follows from
(3.24) that
ðrWPÞðX;YÞZ ¼ gððrWPÞðX;YÞZÞn
þ AðWÞ½PðX;YÞZþ gðPðX;YÞZÞn
þ BðWÞ½GðX;YÞZþ gðGðX;YÞZÞn; ð3:25Þ
from which it follows thatgððrWPÞðX;YÞZ;UÞ¼gððrWPÞðX;YÞZÞgðUÞ
þAðWÞ½gðPðX;YÞZ;UÞþgðPðX;YÞZÞgðUÞ
þBðWÞ½gðGðX;YÞZ;UÞþgðGðX;YÞZÞgðUÞ:
ð3:26Þ
Contracting (3.26) over X and U and using (2.9), (3.10) and
(3.3), we get
ðrWSÞðY;ZÞ¼AðWÞSðY;ZÞþðn1Þ½ðn2ÞBðWÞAðWÞgðY;ZÞ
þ½SðZ;/WÞðn1ÞBðWÞgðZÞgðYÞ
þðn1ÞgðRðY;/WÞZÞ: ð3:27Þ
Setting Y ¼ Z ¼ n in (3.27), we obtain B ¼ 0, which is not
possible. Hence we can state the theorem:
Theorem 3.8. There exists no generalized projectively /-recur-
rent LP-Sasakian manifold ðMn; gÞ; n > 3.4. An Example of generalized /-recurrent LP-Sasakian
manifoldExample 4.1. We consider a 3-dimensional manifold
M ¼ fðx; y; zÞ 2 R3 : z > 0g, where ðx; y; zÞ are the standard
coordinates in R3. Let fE1;E2;E3g be a linearly independent
global frame on M given by [10]
E1 ¼ ez @
@x
; E2 ¼ ezax @
@y
; E3 ¼ @
@z
;
where a is a non-zero constant such that a–1. Let g be the
Lorentzian metric deﬁned by gðE1;E3Þ ¼ gðE2;E3Þ
¼ gðE1;E2Þ ¼ 0; gðE1;E1Þ ¼ gðE2;E2Þ ¼ 1; gðE3;E3Þ ¼ 1.
Let g be the 1-form deﬁned by gðUÞ ¼ gðU;E3Þ for any
U 2 vðMÞ. Let / be the (1,1) tensor ﬁeld deﬁned by
/E1 ¼ E1; /E2 ¼ E2 and /E3 ¼ 0. Then using the linearity
of / and g we have gðE3Þ ¼ 1; /2U ¼ Uþ gðUÞE3 and
gð/U;/WÞ ¼ gðU;WÞ þ gðUÞgðWÞ for any U; W 2 vðMÞ.
Thus for E3 ¼ n; ð/; n; g; gÞ deﬁnes a Lorentzian paracontact
structure on M.
Let r be the Levi-Civita connection with respect to the
Lorentzian metric g and R be the curvature tensor of g. Then
we have
½E1;E2 ¼ aezE2; ½E1;E3 ¼ E1; ½E2;E3 ¼ E2:
Using Koszul formula for the Lorentzian metric g, we can
easily calculate
rE1E1 ¼ E3; rE1E2 ¼ 0; rE1E3 ¼ E1;
rE2E1 ¼ aezE2; rE2E2 ¼ aezE1  E3; rE2E3 ¼ E2;
rE3E1 ¼ 0; rE3E2 ¼ 0; rE3E3 ¼ 0:
From the above it can be easily seen that for
E3 ¼ n; ð/; n; g; gÞ is an LP-Sasakian structure on M. Conse-
quently M3ð/; n; g; gÞ is an LP-Sasakian manifold. Using the
above relations, we can easily calculate the non-vanishing com-
ponents of the curvature tensor R as follows:
RðE1;E2ÞE1 ¼ ð1 a2e2zÞE2; RðE1;E2ÞE2 ¼ ð1 a2e2zÞE1;
RðE1;E3ÞE1 ¼ E3; RðE1;E3ÞE3 ¼ E1;
RðE2;E3ÞE2 ¼ E3; RðE2;E3ÞE3 ¼ E2
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symmetry properties.
Since fE1;E2;E3g forms a basis of a 3-dimensional
LP-Sasakian manifold, any vector ﬁeld X; Y; Z 2 vðMÞ can
be written as
X ¼ a1E1 þ b1E2 þ c1E3;
Y ¼ a2E1 þ b2E2 þ c2E3;
Z ¼ a3E1 þ b3E2 þ c3E3;
where ai; bi; ci 2 Rþ (the set of all positive real numbers),
i ¼ 1; 2; 3 such that a; b; c are not proportional. Then
RðX;YÞZ ¼ fb3ða1b2  a2b1Þð1 a2e2zÞ  c3ða1c2  a2c1ÞgE1
 fa3ða1b2  a2b1Þð1 a2e2zÞ þ c3ðb1c2  b2c1ÞgE2
 fb3ðb1c2  b2c1Þ þ a3ða1c2  a2c1ÞgE3 ð4:1Þ
and
GðX;YÞZ ¼ ða2a3 þ b2b3  c2c3Þða1E1 þ b1E2 þ c1E3Þ
 ða1a3 þ b1b3  c1c3Þða2E1 þ b2E2 þ c2E3Þ: ð4:2Þ
By virtue of (4.1), we have the following:
ðrE1RÞðX;YÞZ ¼ a2e2z½ða1b2  a2b1Þðb3E3 þ c3E2Þ
þ ðb1c2  b2c1Þðb3E1  a3E2Þ; ð4:3Þ
ðrE2RÞðX;YÞZ ¼ ða1b2  a2b1Þfa2e2zðc3E1  a3E3Þ
 ðb3 þ c3ÞE1g  ða1c2  a2c1Þa2e2zðb3E1  a3E2Þ
þ ðb1c2  b2c1Þðc3  b3ÞaezE1; ð4:4Þ
ðrE3RÞðX;YÞZ ¼ 0: ð4:5Þ
From (4.1) and (4.2), we get
/2ðRðX;YÞZÞ ¼ u1E1 þ u2E2 and /2ðGðX;YÞZÞ
¼ v1E1 þ v2E2; ð4:6Þ
where
u1 ¼ b3ða1b2  a2b1Þð1 a2e2zÞ  c3ða1c2  a2c1Þ;
u2 ¼ fa3ða1b2  a2b1Þð1 a2e2zÞ þ c3ðb1c2  b2c1Þg;
v1 ¼ a1ðb2b3  c2c3Þ  a2ðb1b3  c1c3Þ;
v2 ¼ b1ða2a3  c2c3Þ  b2ða1a3  c1c3Þ:
Also from (4.3)–(4.5), we obtain
/2ððrE1RÞðX;YÞZÞ ¼ piE1 þ qiE2; for i ¼ 1; 2; 3; ð4:7Þ
where
p1¼ b3ðb1c2b2c1Þa2e2z;
q1¼fc3ða1b2a2b1Þa3ðb1c2b2c1Þga2e2z;
p2¼ða1b2a2b1Þfc3ða2e2z1Þb3gb3ða1c2a2c1Þa2e2z
þðc3b3Þðb1c2b2c1Þaez;q2 ¼ a3ða1c2a2c1Þa2e2z; p3 ¼ 0; q3¼ 0:
Let us now consider the 1-forms as
AðE1Þ ¼ v2p1  v1q1
u1v2  u2v1 ; BðE1Þ ¼
u1q1  u2p1
u1v2  u2v1 ; ð4:8Þ
AðE2Þ ¼ v2p2  v1q2
u1v2  u2v1 ; BðE2Þ ¼
u1q2  u2p2
u1v2  u2v1 ;
AðE3Þ ¼ 0; BðE3Þ ¼ 0;where v2p1  v1q1 – 0; u1q1  u2p1 – 0; v2p2  v1q2 – 0; u1q2
u2p2 – 0; u1v2  u2v1 – 0. From (3.4), we have
/2ððrEiRÞðX;YÞZÞ¼AðEiÞ/2ðRðX;YÞZÞ
þBðEiÞ/2ðGðX;YÞZÞ; i¼ 1;2;3: ð4:9Þ
By virtue of (4.6)–(4.8), it can be easily shown that the
manifold satisﬁes the relation (4.9). Hence the manifold under
consideration is a 3-dimensional generalized /-recurrent
LP-Sasakian manifold, which is not /-recurrent. This leads
to the following:
Theorem 4.1. There exists a 3-dimensional generalized /-
recurrent LP-Sasakian manifold, which is neither /-symmetric
nor /-recurrent.Acknowledgement
The authors convey their sincere thanks to the referee for his
valuable comments toward the improvement of the paper.
References
[1] K. Matsumoto, On Lorentzian almost paracontact manifolds,
Bull. Yamagata Univ. Nat. Sci. 12 (1989) 151–156.
[2] I. Mihai, R. Rosca, On Lorentzian Para-Sasakian Manifolds,
Classical Analysis, World Scientiﬁc Publ., Singapore, 1992, pp.
155–169.
[3] A.A. Aqeel, U.C. De, G.C. Ghosh, On Lorentzian para-
Sasakian manifolds, Kuwait J. Sci. Eng. 31 (2) (2004) 1–13.
[4] C.S. Bagewadi, Venkatesha, N.S. Basavarajappa, On LP-
Sasakian manifolds, Sci. Ser. A: Math. Sci. 16 (2008) 1–8.
[5] U.C. De, K. Matsumoto, A.A. Shaikh, On Lorentzian para-
Sasakian manifolds, Rendiconti del Seminario Mat. de Messina
(3) (1999) 149–156.
[6] I. Mihai, U.C. De, A.A. Shaikh, On Lorentzian para-Sasakian
manifolds, Korean J. Math. Sci. 6 (1999) 1–13.
[7] C. Murathan, A. Yildiz, K. Arslan, U.C. De, On a class of
Lorentzian para-Sasakian manifolds, Proc. Estonian Acad. Sci.
Phys. Math. 55 (4) (2006) 210–219.
[8] A.A. Shaikh, K.K. Baishya, Some results on LP-Sasakian
manifolds, Bull. Math. Soc. Sci. Math. Roumanie Tome 49 (97)
(2) (2006) 193–205..
[9] A.A. Shaikh, K.K. Baishya, On /-symmetric LP-Sasakian
manifolds, Yokohama Math. J. 52 (2005) 97–112.
[10] A.A. Shaikh, K.K. Baishya, S. Eyasmin, On the existence of
some types of LP-Sasakian manifolds, Commun. Korean Math.
Soc. 23 (1) (2008) 95–110.
[11] A.A. Shaikh, T. Basu, K.K. Baishya, On the existence of locally
/-recurrent LP-Sasakian manifolds, Bull. Allahabad Math. Soc.
24 (2) (2009) 281–295.
[12] A.A. Shaikh, S. Biswas, Some results on LP-Sasakian manifolds,
Bull. Malaysian Math. Sci. Soc. 27 (2004) 17–26.
[13] Venkatesha, C.S. Bagewadi, On concircular /-recurrent LP-
Sasakian manifolds, Diff. Geom.-Dyn. Syst. 10 (2008) 312–319.
[14] E. Cartan, Sur une classe remarquable d’espaces de Riemannian,
Bull. Soc. Math. France 54 (1926) 214–264.
[15] T. Takahashi, Sasakian /-symmetric spaces, Tohoku Math. J.
29 (1977) 91–113.
[16] U.C. De, A.A. Shaikh, S. Biswas, On /-recurrent Sasakian
manifolds, Novi Sad J. Math. 33 (2003) 13–48.
[17] U.C. De, A. Yildiz, A.F. Yaliniz, On /-recurrent Kenmotsu
manifolds, Turkish J. Math. 33 (2009) 17–25.
[18] A.A. Shaikh, S.K. Hui, On locally /-symmetric b-Kenmotsu
manifolds, Extr. Math. 24 (3) (2009) 301–316.
166 A.A. Shaikh et al.[19] R.S.D. Dubey, Generalized recurrent spaces, Indian J. Pure
Appl. Math. 10 (12) (1979) 1508–1513.
[20] U.C. De, N. Guha, On generalized recurrent manifolds, J. Nat.
Acad. Math., India 9 (1991) 85–92.
[21] A.G. Walker, On Ruses spaces of recurrent curvature, Proc.
London Math. Soc. 52 (1950) 36–64.
[22] U.C. De, N. Guha, D. Kamilya, On generalized Ricci-recurrent
manifolds, Tensor N.S. 56 (1995) 312–317.[23] E.M. Patterson, Some theorems on Ricci-recurrent spaces, J.
London Math. Soc. 27 (1952) 287–295.
[24] A.A. Shaikh, H. Ahmad, On generalized /-recurrent Sasakian
manifolds, Appl. Math. 2 (2011) 1317–1322.
[25] A.A. Shaikh, I. Roy, On quasi-generalized recurrent manifols,
Math. Pannonica 21 (2) (2010) 251–263.
